I nvasive cardiovascular procedures benefit certain individuals with coronary artery disease or acute myocardial infarction (AMI). 1, 2 Thus, the use of these procedures among patients with chronic and acute coronary syndromes may be a marker of quality of care. [3] [4] [5] [6] [7] [8] Patient-specific factors, geographic differences in disease prevalence, and hospital characteristics, such as the presence of medical training programs and the availability of on-site cardiac surgical suites, are important determinants of process and quality of care. [5] [6] [7] [8] [9] [10] [11] [12] The elderly, minorities, women, and the economically disadvantaged are less likely to undergo invasive cardiac procedures. In aggregate, these data provide evidence for prevalent biases in the management of patients with coronary artery disease or AMI. 3, 8, 9, 11, [13] [14] [15] [16] [17] Patients with Medicaid insurance who are treated for AMI are also less likely to undergo invasive procedures than are those with other forms of insurance. 17 However, the Medicaid population differs from other insurance groups in terms of age, sex and race mix, socioeconomic status (SES), and the prevalence of coexistent illnesses. 13, 17, 18 Medicaid patients and other economically disadvantaged groups receive their care in hospitals with characteristics and clinical services different than those of hospitals that provide care to other groups. 7, 9, 11, 13, 17, 18 Thus, lower procedure use among patients of low SES may be symptomatic of more global treatment preferences based on age, sex, race, coexistent illness, insurance, or hospital-to-hospital variation. Conversely, low SES may have an independent influence on the delivery of care for coronary artery disease or AMI.
The present study was designed to examine household income and other sociodemographic and clinical variables as determinants of invasive cardiac procedures among a large group of patients with AMI treated across a spectrum of clinical settings. We hypothesized that income would have an influence on care after AMI that is independent of other factors such as age, sex, race, insurance, coexistent illness, and location of treatment.
Methods

Patients
The present study was approved by the institutional review board of the Massachusetts General Hospital. Information on all hospital discharges in New York State during 1995 with International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 410.XX in the principal diagnosis position was obtained from the Statewide Planning and Research Cooperative System (SPARCS) database. SPARCS is an agency of the New York State Department of Health that incorporates data on patients hospitalized in nonfederal acute care hospitals that are obtained from, among other sources, the uniform bill and uniform discharge abstract submitted by hospitals. Case selection was based on ICD-9-CM codes assigned at the discharging hospital. Patients were included on the basis of the principal diagnosis regardless of procedures coded or diagnosis-related group 19 assigned. Only patients whose race was reported as black or white were included. For patients with multiple hospital discharges, only the first discharge was included.
Hospital length of stay (LOS) was defined as the date of discharge or death minus the date of admission. Readmission for recurrent AMI was determined by searching the same data set for subsequent discharges for each patient. The use of procedures may be determined, at least in part, by the presence and type of medical insurance. To adjust for medical insurance on the basis of reimbursement schemes that are commonly understood by practitioners, we included patients with the following insurance types: Medicare, Medicaid, indemnity insurance, and health maintenance organization (HMO) plans. Thus, we excluded self-pay, "other" insurance, Medicare-HMO, Medicaid-HMO, Workers' Compensation, veterans' or CHAMPUS benefits, "other government" insurance, "no fault" insurance, and "no charge."
Comorbid illness was determined from as many as 14 secondary ICD-9-CM diagnosis codes for each patient. Total comorbid disease was quantified according to the method of Charlson et al. 20 Process of care was determined by searching the principal procedure code and up to 14 secondary procedure codes for each patient. A patient was classified as receiving care from a cardiologist if the attending physician of record was listed as a specialist in cardiovascular diseases. A quantitative estimate of income was derived by assigning to each patient the value equivalent to median household income among residents of his or her home postal ZIP code. Income data were derived from the 1990 US Census and were expressed in 1989 dollars. Patients were classified as "urban" if their discharge occurred at a hospital located in a county that is part of a federal metropolitan statistical area. Patients were classified as "teaching" if their discharge occurred at a hospital listed as a primary or affiliated institution of an accredited internal medicine or family practice residency program according to the American Medical Association directory of postgraduate medical training programs. 21 The availability of on-site CABG or PTCA at the discharging hospital was determined from information provided by the Cardiac Advisory Committee of the New York State Department of Health. 22
Data Analyses
Statistical analyses were performed with SAS software (SAS Institute). Results are displayed as meanϮSD, median with interquartile range, proportions, or odds ratios (ORs) with 95% CIs as appropriate. Income was analyzed as a categorical variable by creating 5 quintiles. Comparisons of crude data were made across all income quintiles with the 2 test for trend (dichotomous variables) and PROC GLM (continuous variables). Similar to the method used by Alter et al 8 and others, we also made comparisons between the lowest quintile (quintile 1) and the highest quintile (quintile 5) by using 2 tables and Student's t test. The significance of income and other variables as independent predictors of procedures (diagnostic cardiac catheterization, PTCA, CABG, and any revascularization) was determined with multiple logistic regression analysis (PROC LOGISTIC). The following patient characteristics were entered along with income into the logistic regression models: age; sex; race; nursing home residence; medical insurance; history of hypertension, diabetes, renal disease, peripheral vascular disease, and prior cardiac surgery; type and location of AMI (anterior versus nonanterior and non-Q wave versus Q wave); presence of heart failure; Charlson Comorbidity Index; type and location of hospital at which treatment was received (urban versus rural and teaching versus nonteaching); and interhospital transfer. Because no patients who were treated in rural hospitals received PTCA or CABG, hospital location (urban versus rural) was removed from the adjustment process for these procedures. Overall logistic regression models for procedure use were created by including dummy variables for income quintile (with quintile 1 as the referent). The 4 overall models were tested for interactions among the significant independent variables, with none found for which the Wald 2 statistic exceeded that of both component covariables. In addition to the primary analyses, we performed analyses that were restricted to patients treated in urban hospitals and to patients treated in hospitals that provide on-site CABG and PTCA, with these results presented separately. Last, we performed analyses of the use of PTCA, CABG, and any revascularization procedure among patients who received a diagnostic heart catheterization during the index hospitalization.
Results
Patients, Insurers, and Hospitals
A total of 36 687 patients were hospitalized in New York State during 1995 with a principal ICD-9-CM diagnosis code indicative of AMI. Of these, 3190 (8.7%) were excluded on the basis of their insurance, including self-pay (nϭ1910), "other" insurance (nϭ585), Medicare-HMO (nϭ364), Workers' Compensation (nϭ112), veterans' or CHAMPUS benefits (nϭ81), Medicaid-HMO (nϭ50), "other government" insurance (nϭ37), "no fault" insurance (nϭ27), and "no charge" (nϭ24). Of 33 497 patients eligible on the basis of insurance, 4054 (12.1%) were excluded because their race was neither black nor white, including "unknown" race (nϭ1859), "other" race (nϭ1794), Asian or Pacific Islander (nϭ337), and Native American (nϭ64). Of 29 443 patients eligible on the basis of insurance and race, 745 (2.5%) were excluded because of missing data regarding household income. Thus, this study was composed of 28 698 black or white patients with Medicare-fee-for-service, Medicaid-feefor-service, indemnity, or HMO insurance. All data elements were complete for these patients. A total of 231 hospitals contributed Ն1 patient to the sample of 28 698. The median caseload was 187 patients per hospital. A total of 31 hospitals provided on-site CABG and PTCA; 1 hospital provided on-site PTCA but not CABG.
Demographics, Clinical Characteristics, and Outcomes
The mean age was 69.6Ϯ13.4 years (median 70 years, interquartile range 59 to 79 years), 7.9% were black, and 42.1% were women. Of all patients, 17 304 (60.3%) had Medicare insurance, 1809 (6.3%) had Medicaid, 7196 (25.1%) had indemnity insurance, and 2389 (8.3%) had HMO insurance. The mean Charlson Comorbidity Index was 2.3Ϯ1.5. Of all index hospital admissions, 89.8% occurred in urban hospitals, whereas 53.2% occurred in teaching hospitals. Hospital LOS averaged 8.3Ϯ8.5 days (median 7 days, interquartile range 4 to 10 days), and hospital charges averaged $14 757Ϯ15 824 (median $10 532, interquartile range $6418 to $17 181). Household income averaged $36 376Ϯ13 822 (median $33,369, interquartile range $26 528 to $44 679). Mortality during the index hospitalization was 10.7%. The readmission rate for recurrent AMI was 19.3%. Table 1 displays the demographic characteristics, coexistent illnesses, and comorbidity scores of the cohort stratified by income. Patients in the highest quintile of income were younger than others and were more often male and white. This group more often had indemnity or HMO insurance. More often, their location of AMI was anterior, although they experienced less heart failure and shock. They had a lower prevalence of hypertension, diabetes, chronic lung disease, renal disease, and peripheral vascular disease. Patients in the highest quintile had the lowest mean Charlson Comorbidity Index. This group most often received their care in urban hospitals and hospitals with on-site CABG and PTCA.
Clinical outcomes stratified by income are shown in Table  2 . Patients in the higher quintiles of income had shorter LOS but higher hospital charges. These groups also had lower in-hospital mortality but more hospital readmissions for recurrent AMI.
Process of Care and Procedure Use
The frequency with which the index admission commenced with transfer of the patient from another acute care hospital increased with income quintile (quintile 1ϭ5.8%, 2ϭ6.6%, 3ϭ6.1%, 4ϭ8.1%, 5ϭ9.5%; PϽ0.0001). There was no stepwise pattern between income quintile and the frequency with which the index admission culminated in transfer of the patient to another acute care hospital. The crude ORs for cardiac catheterization, PTCA, CABG, and any revascularization procedure are displayed in Table 3 and show increases from the lowest to highest quintile for all 4 procedures.
The adjusted ORs for cardiac catheterization, PTCA, CABG, and any revascularization procedure are also shown in Table 3 . Income had a significant independent relationship with catheterization, PTCA, CABG, and any revascularization procedure. Patients in the highest quintile of income were 22% more likely to undergo cardiac catheterization, 74% more likely to undergo PTCA, 48% more likely to undergo CABG, and 76% more likely to undergo any revascularization procedure than were patients in the lowest quintile.
The 4 overall models for procedures are shown in the Table  4 . Older age, female sex, and black race were negative predictors of catheterization, PTCA, CABG, and any revascularization procedure. Medicaid insurance was a negative predictor of catheterization, PTCA, and any revascularization procedure but not CABG. For each procedure, there were stepwise increases in the adjusted OR ascending from quintile 2 to quintile 5. Shown in the Figure are the adjusted ORs and CIs derived from the overall model for any revascularization procedure. To illustrate the sociological dimension of this study, only the ORs and CIs for the 5 quintiles of income and other sociodemographic variables are shown.
Procedure Use in Urban Hospitals
A total of 25 766 patients were treated in urban hospitals. Among these patients, there were increases in the adjusted OR for each procedure ascending from the lowest to highest quintile. Compared with quintile 1, quintile 5 had a significant relationship with cardiac catheterization (adjusted OR 1.20, 95% CI 1.08 to 1.32, Pϭ0.0006), PTCA (1.40, 1.20 to 1.64, PϽ0.0001), CABG (1.17, 0.98 to 1.40, Pϭ0.08), and any revascularization procedure (1.37, 1.20 to 1.56, PϽ0.0001).
Cardiac Catheterization as a Determinant of Revascularization
Among patients treated in urban hospitals, those receiving diagnostic cardiac catheterization during their index admission (nϭ8415) were more likely to receive PTCA (crude OR 14.99, 95% CI 13.63 to 16.50, PϽ0.0001), CABG (11.34, 10.20 to 12.62, PϽ0.0001), and any revascularization procedure (17.01, 15.78 to 18.34, PϽ0.0001) than were those who did not undergo catheterization (nϭ17 351). Among urban patients who underwent catheterization, income had a positive relationship with PTCA and any revascularization procedure but not with CABG. With only patients who were treated in urban hospitals included, we adjusted for catheterization in addition to sociodemographic and clinical factors. Compared with quintile 1, quintile 5 had a significant relationship with PTCA (adjusted OR 1.33, 95% CI 1.13 to 1.56, Pϭ0.0007) and any revascularization procedure (1.30, Adjusted OR and 95% CIs for any revascularization procedure associated with sociodemographic variables. 
Procedure Use in Hospitals That Provide On-Site CABG and PTCA
A total of 8347 patients were treated in hospitals that provided both on-site CABG and PTCA. The crude and adjusted ORs for cardiac catheterization, PTCA, CABG, and any revascularization procedure for these patients are displayed in Table 5 . There were increases in the crude OR from the lowest to the highest quintile for all 4 procedures. For catheterization and CABG, these differences appeared to be attributable to other factors as evidenced by the absence of statistical significance for income in the adjusted analyses. However, income maintained a statistically significant association with PTCA and any revascularization procedure in the adjusted analyses, as shown.
Comments
Elderly persons, minorities, women, Medicaid patients, and the economically disadvantaged are less likely to undergo invasive cardiac procedures than their counterparts. 3, 8, 9, 11, [13] [14] [15] [16] [17] In the present study, we examined the influence of both household income and other sociodemographic and clinical variables on invasive procedure use.
To our knowledge, no previous study of post-AMI care has attempted to address the multiple and intertwined issues of age-, sex-, race-, insurance-, SES-, and geographically based treatment preferences in a single comprehensive analysis. The additional strength of the study was its inclusion of a large number of consecutive patients from a wide spectrum of hospital types and health care settings.
The principal findings of this study are that (1) among patients hospitalized for AMI, those residing in lowerincome neighborhoods were more often female or black, had a higher prevalence of coexistent illness, and were less often admitted to urban hospitals or hospitals that provide CABG and PTCA; (2) after adjustment for sociodemographic and clinical variables, lower income was negatively related to cardiac catheterization, PTCA, CABG, and any revascularization procedure; (3) differences in cardiac catheterization did not fully account for all income-based differences in PTCA or any revasculariza- tion procedure, because income was associated with these procedures after adjustment for catheterization and other factors; and (4) even among patients treated in hospitals that provide on-site CABG and PTCA, lower income had a negative relationship with PTCA and any revascularization procedure. These findings suggest that differences in age, sex, race, insurance, coexistent illness, and location of care do not fully account for the lower use of invasive procedures among low-income patients but rather imply that other explanations may exist.
Previous Studies of Race, Medical Insurance, and SES as Determinants of Cardiac Procedures
In a study of patients with coronary artery disease who had undergone catheterization, Leape et al 9 noted that PTCA and CABG underuse was greater among patients treated at hospitals that do not provide these services on-site, with uninsured patients experiencing more underuse than those with private, Medicare, or Medicaid insurance. After adjustment for age, sex, and comorbid illness, Carlisle et al 13 found that uninsured ethnic minority patients and minority patients with Medicaid, Medicare, and HMO insurance were less likely to undergo catheterization, PTCA, and CABG than were whites within the same insurance class. Gornick et al 14 reported that income-adjusted use of PTCA and CABG was lower among black Medicare beneficiaries than among white beneficiaries. Sada et al 17 reported that Medicaid patients, a group presumed to be of low SES, undergo fewer invasive procedures after AMI than do HMO or indemnity patients. In aggregate, these studies address important issues that surround race-, insurance-, and SES-based differences in the management of coronary artery disease and suggest that insurance may be an important modifier of the relationship between race or SES and the use of procedures. Our study offers the incremental information that age, race, sex, insurance, and income all have an independent influence on the use of invasive procedures after AMI.
Sociodemographic Implications
Patients are more likely to undergo cardiac procedures if they are admitted to hospitals that perform them on- site. 9, 10, 12 Thus, a conservative interpretation of the present results is that patients who reside in lower-income neighborhoods intentionally or passively seek or receive their care from physicians and hospitals that are less inclined to use invasive strategies after AMI. In fact, our results in part support the "geographic" explanation for the association between SES and procedure use in that CABG use was not a function of income in urban hospitals after adjustment for catheterization and other factors. Likewise, in hospitals that could provide CABG, income was not related to catheterization or CABG after adjustment for sociodemographic and clinical variables. Conversely, 3 observations refute the notion that the geographic argument fully accounts for income-based differences in post-AMI care. First, in urban hospitals, income was related to adjusted cardiac catheterization, which is often the initiating clinical event in the course toward invasive revascularization treatment. Second, in urban hospitals, income was related to PTCA and any revascularization procedure, even after accounting for cardiac catheterization and other sociodemographic and clinical variables. Third, in CABGproviding hospitals, income was related to PTCA and any revascularization procedure, even after statistical adjustment. Thus, there is evidence that invasive treatment differs as a function of income even among patients who have crossed the geographic or service-availability "threshold" as defined by treatment in an urban hospital, receipt of a cardiac catheterization, or, most notably, admittance to a hospital that performs CABG and PTCA on-site.
Explanations for Lower Procedure Use
One potential explanation for SES-based treatment differences is that patient preferences differ by SES strata. Minorities or economically disadvantaged patients are more likely to decline invasive procedures than are others. 5, 9, 23 Because information regarding physicians' recommendations to patients was not available in our data set, we cannot fully address this issue. However, other authors have argued that patient refusals account for only a small portion of race-or SES-based disparities in the use of cardiac procedures. 5, 9, 23, 24 Second, differences in procedure use among income groups in the present study might be accounted for by an excessive use of procedures among higher-income patients rather than underuse among lower- 
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income individuals. Because our study did not examine appropriateness of care through a chart-by-chart review, 5, 9 we cannot fully address this issue. However, the use of catheterization in our highest quintile of income patients (35.1%) was virtually identical to that observed by Tu et al 6 in a study of 224 258 Americans with AMI, whereas the rate in the lowest quintile (24.5%) was substantially lower than this national norm. Thus, overuse among the higherincome patients is unlikely to fully account for these income-based differences. A third explanation may lie with physicians' perceptions regarding severity of illness and postintervention risk in the low-income groups. That is, in a pragmatic way, the burden of comorbid illness, as well as perceptions regarding potential financial, cultural, and social barriers to good postprocedural care, may have served as a deterrent to provide invasive strategies to low-income patients. Finally, medical economics and incentives may have played a role. The financial disincentives of caring for low-income patients are apparent. Some, 7 but not all, 18 studies have shown that resource use declines by virtue of a reduction in discretionary services when constrained reimbursement or other financial disincentives exist in a health care setting. Such forces may influence the management of patients after AMI, although they are difficult to measure without a validated tool.
Clinical Implications
Lesser use of invasive procedures might be considered only a sociological epiphenomenon if this differential in process of care is not associated with proportionately worse clinical outcomes. In population-based studies, there is considerable controversy regarding the clinical use of invasive strategies after AMI. For example, Tu et al 6 found 30-day, but not 1-year, post-AMI mortality differences between patients in Ontario, Canada (low procedure use), and the United States (high procedure use). Conversely, Alter et al 8 found that low-income patients received fewer invasive procedures after AMI, with a strong inverse correlation between income and 1-year mortality rates. In the present study, in-hospital mortality rates were highest in the low-income patients, although it was not possible to determine whether this was a reflection of severity of illness or process of care. Unfortunately, postdischarge death data were not available in our data set. Thus, we cannot address the important issue of the clinical impact of the income-based differences in procedure use that we observed.
Study Limitations
The present study was based on retrospective analyses of an administrative discharge data set. Disease severity is not adequately captured in such sources of information, given the lack of data regarding disease-specific severity, functional status, and well-being. 25 Further, ideal assessments of appropriateness and quality of care are not possible from these sources of data. 5, 9, 25 The present data were limited to hospital-based information, such that our conclusions apply only to in-hospital process of care. We lacked information regarding thrombolytic therapy as well as procedure use after hospital discharge for patients who did not undergo invasive procedures during their index hospitalization. The results of this study may have been affected in an unmeasured way by performance in a state that is characterized by lower rates of cardiac procedure use than in some others. 12 Although quantification of SES status based on ZIP code-derived household income has validity, it may be less robust than measurement based on individual income or other factors. 14 Finally, the adjustment for hospital features lacked some measure of detail, including bed size and the presence of on-site catheterization services.
